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WHOLE MOUNTS FOR THE STUDY OF SKIN AND ITS APPENDAGES*
GEORGE W. HAMBRICK, JR., M.D. AND HARVEY BLANK, M.D.
The present study was undertaken to visualize the micro-anatomy of the
epidermis and appendages of the skin with the least possible distortion from
histological procedures and with the utilization of recent histochemical know!-
edge.
Many workers have used whole mounts of epidermis to study either cellular
processes such as mitosis and pigment formation or micro-anatomy of the skin
such as the rete pattern and arrangement of appendages.
For adequate visualization it usually is necessary to separate the epidermis
from the corium. Several technics for this purpose have been reported. Macera-
tion in dilute acetic acid was recommended at least a hundred years ago (15)
and has been used generally. Cowdry (8) describes a satisfactory technic for
separation with acetic acid.
The following additional methods hnve been recommended for separation:
physical methods including heating (2), stretching (31), or negative pressure
(5); chemical methods utilizing sodium iodide, calcium chloride, or other related
members of the Hofmeister series (10), or aminonium hydroxide (2), or urea;
enzymatic methods including trypsin (23) and hyaluronidase (25). Incubation
in plain water for 18—24 hours also results in separation of the epidermis from
the corium (12).
Hurley and Shelley (14) examined the epidermis and attached apo-piosebace-
ous unit after micro-dissection of axillary skin. Leach (16) devised a technic for
making thick sections, both horizontal and vertical, to study the micro-anatomy
of skin and whole appendages. Several workers (30, 32) have examined thin
slices of epidermis obtained by shavings parallel with the surface of the skin.
Separated epidermis has been treated in various ways for examination. Flei-
schhauer and Hortsmann (11) prepared dried permanent preparations for study
with reflected light. Cowdry (8), Cooper and Schiff (7), Cowdry, Cooper and
Smith (9), Bilhingham and Medawar (4), Medawar (22), Becker, Fitzpatrick and
Montgomery (3), Liang (17), and Badertscher (1) stained and cleared the
epidermis and appendages for examination by transmitted light. Takagi (30)
examined slices of fresh epidermis in saline by phase contrast microscopy.
MATERIALS AND METHODS
Specimens of human skin from the presternal, axillary, or palmar areas, obtained by
surgical excision or at autopsy within 8 hours after death, were either used immediately or
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stored at 400 C. Before using after freezing, thawing was allowed to occur at room tem-
perature.
Approximately 6 square millimeters to one square centimeter pieces of skin were used,
from which the greater part of the subcutaneous fat had been carefully removed. The
following procedure has given satisfactory results: 1. the skin is placed in a small Petri dish
with the epidermal surface down; 2. approximately 0.2 cc. of a 0.1 per cent collagenase in
phosphate buffer, pH 7.4, is applied to the surface of the corium; 3. incubation at 37° C.
is carried out for several hours until separation of the epidermis is possible (usually 3 to 6
hours); 4. the epidermis is removed with small forceps and washed in normal saline for 2 to
3 minutes; 5. the separated epidermis is cleared and mounted in glycerin with the epidermal
surface down or up toward the observer. The specimen is then examined as a whole mount.
Purified eollagenase, impure collagenase, and proteinase' were obtained from cultures
of Clostridium histolyticum (21). Early experiments in this study utilized a relatively im-
pure collagenase.
Chemicals previously reported by others as effective separating agents such as 2N
calcium chloride, 2N sodium iodide or 20 per cent urea were used in other experiments at
room temperature following the same procedure outlined for collagenase treatment. The
enzymes, hyaluronidase 150 T.R. units per cubic centimeter of normal saline, or trypsin,
0.5 per cent in a phosphate buffer, pH 7.2, were also used at 37° C. When longer incubation
was necessary, small screw-top bottles were employed to minimize evaporation. Clearing
agents investigated included glycerin, ethylene glycol, and propylene glycol. Some speci-
mens were examined floating in or mounted in saline; others were subjected to clearing in
10 per cent sodium hydroxide solution. Routine histologic sections of skin treated in the
above fashion also were prepared following fixation in 10 per cent formalin.
The stretch method and the heat separation method were attempted, but the stretch
procedure failed to provide adequate specimens of epidermis. With the heat method of
separation, appendages failed to adhere to the epidermis. Other preparations were obtained
by making parallel thin slices from the epidermis of the palm. These were cleared by mount-
ing directly in glycerin.
Specimens of skin stripped from the cartilage of the external auditory meatus of the
rabbit (24) were examined as whole mounts and also after epidermal separation by collag-
enase or 2N sodium iodide solution. Furry skin from the body or extremities of the rabbit
or guinea pig failed to give satisfactory separation.
Staining and histochemical procedures used were minor modifications of standard
methods. After separation, the epidermis was immersed in solutions of the dyes, washed
and mounted in glycerin. Toluidine blue, 0.5 per cent in a citrate buffer, pH 4.5—5.0, for 10—
15 minutes followed by washing in the buffer was used. Hotchkiss-McManus staining
was performed on fresh tissue by hydrolyzing it in one per cent periodic acid and proceeding
in the usual manner. Lipids were stained by immersing the fresh tissue in Sudan III or
Sudan black B in ethylene glycol (6) or by the routine Nile-blue sulfate procedure. Osmium
tetroxide vapors from a 2 per cent aqueous solution allowed to react for 1 to 2 minutes was
a satisfactory staining method.
Direct and dark field microscopy have been utilized. To demonstrate birefringent sub-
stances including lipids, particularly cholesterol esters, and keratin, polarized light was
used.
EXPERIMENTS ON METHODS OF SEPARATION
Of the agents listed in Table I for the separation of epidermis those most
frequently used were collagenase or 2N sodium iodide solution as these gave most
1 These materials were supplied by Drs. J. D. MacLennan and I. Mandl, Department of
Microbiology, College of Physicians and Surgeons, Columbia University. Recently these
workers have been able to separate collagenase from the proteinase and peptidase fractions
which contaminate preparations of impure collagenase.
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FIG. 1. A. Section of epidermis with sweat duct, separating from corium following col-
lagenase treatment. H. & B. XSOO. B. Whole mount of separated epidermis demonstrating
rete pattern and an attached eccrine sweat duct. Toluidine blue, X160. C. Section of normal
skin with distinct basement membrane. Hotchkiss-McManus stain, X800. ID. Normal
skin, collagenase treated before sectioning. Basement membrane remains. Hotchkiss-
McManus stain, X800.
satisfactory separation at the epidermal-dermal junction with attached sn eat
ducts and pilosebaceous apparatus.
An impure form of collagenase was used for most experiments when it was
found that it or purified collagenase or proteinase failed to give any noticeably
different results. The significance of this is not clear.
In their studies of collagenase, Stoughton and Lorincz (27) demonstrated a
loss of Hotchkiss-McManus positive material from the basement membrane of
the skin when their histologic sections were incubated in collagenase obtained
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from Clostridium welchii. They also noted, however, that if the skin specimen
were incubated with collagenase prior to sectioning, there was only a very small
loss of Hotchkiss-McManus positive material. Fig. 1 C, D confirm these latter
observations on treatment of tissues before sectioning.
With 2N sodium iodide or 2N calcium chloride, swelling of the collagen and
satisfactory epidermal-dermal separation occurred as previously reported by
Felsher (10). The separation results in specimens with an intact baso-spinous
layer and appendages.
Trypsin has been used for many years to produce separation at the epidermal-
dermal junction (23). Our results indicate that the epidermal cells and their
intercellular bridges are attacked leading to a dissolution of the bnso-spinous
layer but the keratin of the stratum corneum and the appendages is not attacked
(Fig. 8 C). Similarly urea by its protein denaturating action attacks the baso-
spinous layer and may be a useful method for the preparation of whole mounts
in which only keratin structures are desired.
Using hyaluronidase, Oberste-Lehn (25) reported the separation of epidermis
with appendages from the dermis in 48—72 hours. Observations in the present
study indicate that separation by hyaluronidase solution which requires pro-
longed incubation does not differ from that occurring in a saline solution without
hyaluronidase. In confirmation of Goldblum's observations, (12), it was found
that prolonged incubation (15—40 hours) in any aqueous medium: distilled water,
normal saline, or phosphate buffer, results in separation of the epidermis from
the dermis with some appendages remaining attached to the epidermis. The
mechanism of this is not known but perhaps the protease present in normal skin
may be acting (33).
MICRO-ANATOMICAL FINDINGS
A study of the epidermis and appendages in whole mounts permits the visuali-
zation of the morphology or micro-anatomy of the skin in three dimensions. Not
only the skin furrow pattern and the rete pattern but the pilosebaceous apparatus
and the dermal and epidermal portions of the eccrine sweat duct are available
in toto for study. In whole mounts on a microscope slide the appendages which
normally project downward are displaced laterally by the coverslip and lie
horizontal rather than vertical to the epithelium.
Epidermis
The stratum corneum of glabrous skin such as from the presternal area is a
homogenous sheet, the keratinized surface of which is marked by skin furrows
which produce polyangular figures. The furrows are lined with cornified material,
keratin which is refractile in darkfield illumination (Fig. 6 A, B). With polarized
light the thicker keratinous material of the furrows results in greater birefringence
than that of the thinner stratum corneum between the furrows. In addition to
keratin, surface lipids are concentrated in the furrows. In contrast to glabrous
skin, the furrows of palmar skin are parallel (Fig. 7 C). The interposed, elevated
epidermal ridges are also parallel and form the fingerprint pattern. The thicker
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cornified layer of the palmar skin with its greater keratin content results in greater
birefringence with polarized light than does glabrous skin (Fig. 7 D).
The rete pattern of the epidermis is formed by the downward projections of
the epidermis which anastomose to form a net. The open spaces of the net contain
the connective tissue of the rounded papillary bodies projecting upward. They
are covered by the thinnest epidermis. The rete pattern of presternal skin shows
rather regular arrangement of the anastomoses and clear spaces (Fig. 1 B, Fig.
3 A). The pattern of the palmar skin is quite similar except that there is a tighter
anastomosis of the thicker rete malpighii partitions and consequently the
circular, clear areas are smaller, deeper, and more regular. In axillary epidermis,
the arrangement is loose and the anastomoses of the rete are not nearly as regular
and uniform as in presternal skin (Fig. 3D).
Pilosebaceous apparatus
The orifices of the pilosebaceous apparatus are located in or near furrows or
their intersections (Fig. 6 A). These sites are distinguished by circular elevations
of the stratum corneum of the adj acent epidermis which are continuous with
the stratum corneum of the follicular infundibulum. The keratin ring encircling
the follicular orifice may be either in close apposition to the hair, or patulous,
producing a funnel-like opening in which desquamated keratin and lipids collect
or are adherent to the hair shaft (Fig. 3 C).
The contour of the distal one-third to one-half of the pilosebaceous apparatus
is determined by the infundibulum or funnel. The infundibulum has an outer
cellular wall, the nuclei of which stain intensely with toluidine blue or anthra-
cene blue. This outer part of the wall of the infundibulum is continuous with
the baso-spinous layer of the epidermis proper (Fig. 3 C, D). Inferiorly it be-
comes the outer root sheath of the hair. The inner keratinized wall or lining is
continuous with the epidermal stratum corneum. It is arranged in circles of in-
creasing diameter from below outward. The keratinized funnel, thus formed, is
well demonstrated in most specimens (Fig. 3 A, B). The space between the wall
of the infundibulum and the hair it contains, varies in volume and often extends
to the depth of the openings of the sebaceous glands. From preliminary observa-
tions, the funnel size, relative to the hair size, is greater for the small lanugo
hairs, than for the coarse body hairs. In other words, the large coarse hairs fill
more of the infundibular volume than do the lanugo type hairs (Fig. 3 A, D).
Both types of hair were noted attached to the epidermis of the whole mounts,
the small, short, fine, usually unpigmented and unmedullated hair of the lanugo
or vellus type and the larger, longer, coarser, usually pigmented and frequently
medullated hair of the body or terminal type. With the present technic, the
smaller the hair and its follicle, the greater is the likelihood of its remaining at-
tached to the separated epidermis in toto. Follicles may contain individual hairs
in different stages of the growth cycle. The majority of hairs examined from the
presternal area seemed to be of the club type (Fig. 3 B).
The number of hairs emerging from a single orifice varies from one to three or
more. The hairs present may be all of one type or there may be a mixture of
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FIG. 2. Schematic drawing of the pilosebaeeous apparatus. Relative to the hair size, the
infundibulum and sebaeeous gland of the lanugo hair seem larger than those of the coarse
body hair.The free space around the hair may extend to the sebaeeous gland but not below it.
lanugo and coarse hairs. This multiplicity of hairs in a single orifice results not
only from the presence of hairs in various stages of growth in a single follicle,
but also from the presence of two or more separate follicles joining at various
levels to share a common orifice (Fig. 2, 3 A, B, D).
PILOSEBACEOUS APPARATUS
IN FUN DIR U LU N ________
LANUCO HAIR __________
.BODY HAIR
______IN FU N 0 IOU LU N
NV SCIE
ATTACHMENT
444 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 3. Whole mounts of epidermis with attached pilosebaceous apparatus mounted in
glycerin. FO—folliele orifice; 1—infundibulum; BH—body hair; Lil—lanugo hair; SG—
sebaceous gland; AP—apocrine duct.
A. Presternal skin. One body and two lanugo hairs sharing a common follicular orifice,
X160. B. Presternal skin. Multiple hairs with a common orifice. The keratin lined in-
fundibulum is accentuated by darkfield illumination, X160. C. High power of follicular
orifice and keratin lined infundibulum. Toluidine blue, X800.D. Axillary skin. Apocrine
duct opens into the infundibulum. Note the contrast in size between the two hairs, X160.
fr4$I
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The sebaceous glands open into the middle of the follicle of club hairs but in
follicles of growing hairs the part below the sebaceous glands extends deeper
into the corium. Small sebaceous glands are laterally placed to the follicle and
may empty through a single short duct. Large multiple glands are distributed
around the follicles at one level in random fashion and empty through multiple
ducts. As others have noted (20) the lanugo pilosebaceous apparatus has larger
glands relative to hair size than does the body or coarse hair type.
The internal root sheath and the external root sheath below the level of the
sebaceous gland are readily visualized. The plateau-like protrusion of the external
root sheath for muscle insertion is located below the sebaceous gland attachment.
The disappearance of the inner root sheath occurs at or just below the level of
the sebaceous gland duct entrance.
Apocrine gland ducts in their characteristic association with pilosebaceous
apparatus usually enter the infundibulum near its attachment to the epidermis
(Fig. 3 D). This distal part of the apocrine duct is cornifled and dilated. Other
apocrine ducts open directly onto the skin surface.
As an incidental finding, in twenty of 52 presumably normal specimens of
presternal skin, Demodex folliculorum were noted in the infundibulum or the
sebaceous glands. Many of these remained motile after preparation with col-
lagenase and mounting in saline.
Staining with osmium tetroxide vapor shows the cytoplasm of the individual
sebaceous gland cells to be made up of many small globules stained brown and
separated from each other by small partitions. The staining of the material of
the duct and the infundibulum is more homogenous. The Sudan dyes stain dif-
fusely the acini and infundibular contents. Nile-blue sulfate staining of whole
mounts results in peripheral blue and central pink staining of the sebaceous gland.
Toluidine blue stains the nuclei of the peripheral and central cells of the sebaceous
gland as well as the cells of the outer root sheath.
Polarized light reveals anisotropic material in the central portion of the seba-
ceous gland, the sebaceous gland duct, and the infundibulum. Intheinfundibulum
the birefringence results from the presence of the keratinized material in the
funnel as wil as the lipid staining materials.
Abnormal follicles from apparently normal skin occasionally are seen. Large
dilated funnels containing hairs which never emerge but grow and twist many
times within the funnel occur. Whole mounts of epidermis from acne patients
have revealed numerous comedones which are large collections of birefringent
keratin and lipid within the dilated infundibulum. Hair is characteristically
absent. The sebaceous glands are large and usually open into the lower level of
the dilated infundibulum. Anisotropic lipid is present in the central part of the
sebaceous gland and in the ducts (Fig. 4 A, B).
Our findings in these studies of intact pilosebaceous apparatus from normal
and acne vulgaris specimens are in agreement with those previously reported by
Suskind (29).
Among available laboratory animals, the fur-bearing skin is difficult to ex-
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FIG. 4. A. Pilosebaceous apparatus protruding from separated facial epidermis, from
patient with acne. The abnormal follicle has a widely dilated infundibulum, enlarged
sebaceous glands, and no hair, X160. B. Same as A. under polarized light. Birefringent
lipid (BL) in central part of sebaceous gland, the periphery of which is outlined in white
ink. Comedo (C) is birefringent but seems to be chiefly keratin. Lanugo hair (LII), X160.
C. Sebaceous gland and separated epidermis from external ear canal of rabbit, darkfield,
X160. D. Same as C. under polarized light. Birefringent lipid is in the periphery of the
acini as well as the lumen. The birefririgent epidermal keratin is in the background, X160.
amine with this technic, but that of the external ear canal of the rabbit is satisfac-
tory. Full thickness skin stripped from the cartilage of the rabbit's ear or otic
epidermis separated from the connective tissue after stripping and mounted di-
rectly in glycerin reveals numerous pilosebaceous units, consisting of a single
hair and large sebaceous glands surrounding it (Fig. 4 C). Because of the size
and complexity of the sebaceous gland and the lack of multipe hairs this skin is
more like human skin than is rodent body skin. As Montagna (24) has observed,
there are some differences, however, such as the presence of anisotropic lipids
in the periphery of the gland acini which are found more centrally in human
sebaceous glands (Fig. 4 D).
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Ecerine sweat gland duet
In all Specimens of separated epidermis numerous epidermal eccrine sweat
duct units (18) -were visualized easily in their characteristic arrangements. They
open onto the ridges of epidermis rather than in the furrows (Fig. 6, 7). In palmar
epidermis the units are centered and regularly spaced in the epidermal ridges
(Fig. 7 C). The strateum corneum overlying the outer circumference of the unit
is elevated, forming a rounded concavity or "beaker" which is best developed in
the palmar skin. Several investigators (19, 28) by direct examination of the
surface of the palmar skin have visualized the beaker containing sweat droplets.
The opening of the sweat duct iuto the beaker is small, irregular and difficult to
visualize. In palmar skin the orifice forms a slight elevation within the beaker
and may be readily visualized in thin parallel shavings of palmar epidermis.
The sweat duct traverses the epidermis as a discrete spiral unit with intrinsic
walls (Fig. 5). The cells forming the walls of the terminal part of the unit are
keratinized with their axis in the direction of the spiral (Fig. 8 A, B, C). The
FIG. 5. Schematic drawing of the epidermal ecerine sweat duet unit. The outlet of the
duct is in a small funnel or "beaker" in the stratum eorneum. Keratinization of the sweat
duet wall begins below the level of the epidermal stratum eorneum.
EPI D ERMAL ECCRINE SWEAT DUCT UNIT
RATINIZ
CELLS
MON ERATINIZED
CELLS
SU E PlO F S AL
SWEAT DUCT
E P1 D El MIS
CHIli
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FIG. 6. A. Whole mount of presternal epidermis demonstrating; skin furrow pattern,
pilosebaceous apparatus, and keratinized epidermal sweat duet units. Osmium tetroxide
vapor, darkfield, X60. B. Same as A above. The keratinized portion of two epidermal
eecrine sweat duct units, X160. C. Whole mount of palmar epidermis in 10% sodium hy-
droxide (no glycerin); the eccrine sweat duet spirals are prominent. Darkfield, X60. ID.
Eccrine sweat gland from corium of presternal skin isolated after collagenase treatment.
Mounted in glycerin, darkileld, Xl60.
terminal keratinized part of the duct makes one and a half to two complete
spirals in presternal epidermis and five to six or more in palmar epidermis. The
lumen of this part of the duct is considerably larger than that of the deeper non-
keratinized portion and there is a gradual diminution in the lumen size as it
descends into the stratum malpighii (Fig. 8 A). In the present material, a distinct
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FIG. 7. Whole mounts of separated epidermis with epidermal sweat ducts. A. Under-
surface of presternal epidermis with two sweat duct coils. Floating in saline, Xl6O. B. Same
as A under polarized light. Birefringence of keratin of the ducts produces a Maltese cross-
like pattern, X160. C. Palmar epidermis, treated with trypsin after separation, shows paral-
lel furrows and ridges. The sweat ducts are regularly spaced in the ridges. One sweat duct is
encircled by white ink. Mounted in glycerin, X160. D. Same as C. under polarized light.
Birefringence of keratin at the duct sites produces large Maltese cross-like figures, one of
which is encircled by black ink. The birefringence of the keratin of the stratum corneum
forms the background, in contrast with the thinner epidermal keratin of presternal skin.
(See 7 B) X6O.
cuticle was noted in the non-keratinized portion of the duct, but none was seen
in the upper keratinized coils of the duct.
The cuticle-lined part of the epidermal duct unit continues to spiral through
the baso-spinous layer one and a half to two complete turns. The outer circum-
4
1.
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ference of this part of the spiral unit is outlined frequently by a circle of pigment-
containing baso-spinous cells of the surrounding epidermis. Often in whole mounts
this circle of melanin coincides with the circular elevation of the beaker of the
stratum corneum above (Fig. 8 B). The cellular wall of the unit within the baso-
FIG. 8. Whole mounts of separated presternal epidermis containing eccrine sweat ducts.
A. Keratinized cells forming the wall of an epidermal spiral (S) of the duct. Corium surface
of epidermis toward observer. Osmium tetroxidc vapor, X800. B. Similar to A but unfixed
and corium surface down. Spiral (5) of epidermal sweat duct is encircled peripherally by
keratin of stratum corneum; the circle of pigment (P) of the same diameter is in the baso-
spinous layers. A central, clear area (A) outlined by the inner walls of the spiral is not to
be mistaken for the duct opening which is not shown, X800. C. After 6 hours of digestion
by trypsin following separation, only tbe keratin walls of the duct and the stratum corneum
remain. In saline, X800. D. The lining of both the straight dcrmal (D) and coiled epidermal
(E) sweat duct stain deeply with the Hotchkiss-McManus technic. The rctc (R) and duct,
walls stain less intensely. Several skin furrows (F) arc present, X160.
•
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spinous layer is not easily distinguished from the cells of this layer in glycerin
cleared mounts. In contrast, however, the cuticle is more readily visualized since
it is slightly refractile and stains faintly with osmium tetroxide vapor.
As the sweat duct leaves the baso-spinous layer, there is a cone or funnel
protrusion downward of non-pigmented rete malpighii cells which is continuous
with the wall of the dermal portion of the duct (Fig. 1 A, B). The dermal eccrine
sweat duct is usually straight or curves slightly as it projects into the mounting
media of whole mounts.
The dermal duct consists of two cellular layers, the nuclei of which stain in-
tensely with toluidine blue or anthracene blue (Fig. 1 B) and an inner lining or
cuticle which is non-nucleated. The lumen of this part of the duet is a narrow
straight channel but when seen on end, is outlined by the cuticle as an irregular
space.
The cuticle of the dermal and non-keratinized epidermal portions of the sweat
duct stains intensely with the Hotchkiss-McManus procedure (Fig. 8 D). Previ-
ous digestion with diastase or saliva fails to prevent the staining, which suggests
that the material is not glycogen.
With darkfield illumination of whole mounts, the epidermal eccrine sweat
duct units are easily distinguished from the surrounding epidermis due to the
greater abundance of cornified structure at their sites (Fig. 6 A, B). Birefringence
with the appearance of Maltese cross-like figures is great at these same sites in
thin epidermis as well as in thicker palmar epidermis (Fig. 7 B, D).
Sodium hydroxide maceration of epidermis results in dissolution of non-kera-
tinized structures and in swelling of keratinized cells. Even after several hours of
maceration the keratinized terminal part of the eccrine duct unit remains distinct
because of the resistance of keratin to alkali digestion (Fig. 6 C). The terminal
duct opening in the beaker in these preparations presents a rosette arrangement
of swollen keratinized cells when visualized on end. Similarly, because of the
resistance of keratinized structures to trypsin, residual coiled keratinized ducts
remain after treatment of epidermis with this enzyme (Fig. 8 C).
Thus, this study of the micro-anatomy of the epidermal eccrine sweat duct
demonstrates that the duct has its own intrinsic structure throughout all layers
of the epidermis; this confirms the findings of Pinkus (26), Holyoke and Lobitz
(13), Lobitz, Holyoke and Montagna (18), and Takagi (30).
Collagenase treatment of fresh specimens of skin results in lysis of some of the
dermal connective tissue thus permitting easier micro-dissection of whole coiled
eccrine and apocrine glands (Fig. 6 D).
SUMMARY AND CONCLUSIONS
1. A study of the micro-anatomy of the skin is facilitated by the use of cleared
unfixed whole mounts. Fixation artifacts are minimized and an opportunity is
provided to visualize the morphology of intact epidermis and appendages in
toto.
2. For observation of fine structure it is desirable to remove the connective
tissue from the epidermis. A variety of technics and substances for this purpose
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have been investigated. Optimum results were obtained with 0.1 % collagenase or
2N sodium iodide.
3. The examination of fresh, separated epidermis with darkfield illumination,
polarized light, and transmitted light as well as following treatment of the tissues
with modifications of standard histochemical procedures provided useful mor-
phologic and chemical information.
4. Such preparations permit excellent and comprehensive visualization of the
epidermal pattern, not only the surface ridges and furrows but also the underlying
anastomosing rete pattern, and the relationship of the appendages to the epi-
dermis.
5. When the pilosebaceous apparatus is viewed as a whole, the structure, size
and potential clinical importance of the keratinized infundibulum, as well as
other morphologic features such as size and relationships of the sebaceous glands
become apparent.
6. The presence of a discrete epidermal eccrine sweat duct unit has been con-
firmed. The details of its fine structure have been described including the beaker
or surface receptacle, the distal, coiled, keratinized cellular and the proximal,
coiled, nucleated cellular parts of the duct. The llotchkiss-McManus positive
cuticle of the sweat duct was traced as a continuous lining of the straight dermal
and the coiled epidermal parts of the duct up to the level of the keratinized part
of the duct.
We are grateful to Mr. A. Fleischmann who made the drawings in Figures 2
and 5 from microscopic preparations.
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